Summary. Protein Introduction.
Summary. Protein turnover, defined as the degradation and replacement of proteins, appears to vary between most adult species in the same way as metabolic rate, i.e. as WO.75,  although it may be a little lower in man. During development in the rat it also varies as metabolic rate. Thus P Total = 14.7 Wkg' per day. Most of this turnover occurs in nonmuscle tissues (P = 11.3 Wk g per day) with protein turnover in muscle described by P = 3.53 Wk g per day. Mechanisms for protein degradation in liver and muscle involve lysosomes although the morphology of the lysosomal system in muscle is different from that in liver. However, heterogeneous turnover is a feature of proteins in both tissues including the principal myofibrillar proteins. While the reaction order of protein synthesis can reasonably be described as zero order -a fixed rate per unit of DNA&horbar;there is less certainty about degradation. It is postulated that structural and functional characteristics of the cytoplasm of cells determine the accessibility of cellular protein to the degrading system. As a result, a first order rate for a particular cell type is fixed, and this determines the magnitude of the protein-DNA ratio or the functional-cell size. The first order degradation rate of the cytoplasmic protein also determines the specific activity of the degrading enzymes.
Introduction.
Protein turnover is a phenomenon common to most cells and comprises 2 processes : protein degradation and protein synthesis. It can be argued that any examination of protein turnover should start with the process of protein degradation since it is this process which creates the need for protein resynthesis and results in the phenomenon of protein turnover. The study of protein degradation however is complicated by the fact that in comparison to protein synthesis, its mechanism is less well understood and its rate is more difficult to measure. This is particularly true for those of us interested in the regulation of (Waterlow, Garlick and Millward, 1978 ; Garlick, 1980 ; Reeds and Lobley, 1980 (Waterlow, Garlick and Millward, 1978) . They are quite similar to those reported by Reeds and Lobley (1980 (Goldberg and Dice, 1974 ; Goldberg and St John, 1976 ; Ballard, 1977 ; Water low, Garlick and Millward, 1978 ; Dean, 1980 ; ). The process is best understood in liver and a scheme for degradation involving the lysosome is shown in figure 1. The experimental work on which this scheme is based is described in full eleswhere . The scheme allows for specific and non-specific innactivating mechanisms which direct proteins towards the lysosome which they enter through a mechanism of micropinocytosis. Thus heterogeneity of turnover is achieved through a combination [of the various innactivating mechanisms and through variability in the binding affinity of individual protein subunits with the lysosomal membrane. While all now accept the importance of the lysosome in hepatic protein degradation, the major arguments concern the nature and extent of non-lysosomal systems (Ballard, 1977 . Thus large, acidic, hydrophobic proteins tend to be degraded more rapidly. The extent to which individual proteins of the myofibril turnover at different rates remains controversial. Thus many studies indicate heterogeneity of turnover with actin n generally (though not always) being slower than myosin (Waterlow, Garlick and Millward, 1978 One possible difference between muscle and other tissues is the potential involvement of calcium in the regulation of degradation through the calcium-activated neutral protease (CAF) (Bird et al., 1980 ; . This enzyme appears to initiate disruption of the myofibrillar matrix when calcium levels are abnormally high in injured or pathological muscle. This is achieved by removal of the Z-disc possibly by degrading a protein which is involved with the «-actinin in the Z-disc. There is as yet no evidence that this enzyme is involved in normal muscle degradation. Furthermore, the activity in different muscles does not vary with the degradation rate, being higher in the slow turning-over posterior latissimus dorsi muscle than in the fast turningover anterior latissimus dorsi figure 2 (Millward, 19806 (Mortimore, 1980) , and changes have been observed in the concentration of proteinases in muscle as shown in table 3 (Rosochacki and Millward, 1979 ; Millward et al., 1980a) . This would imply that the machinery of protein degradation is responsive to regulatory factors. Different concentrations of proteinases would appear to be responsible for the differences in the rates in-different muscle types . Judging by the developmental fall in the activity of alkaline phosphatase in muscle, the specific activity of the degrading system would also appear to be responsible, at least in part, for the changes in degradation during development (Cambell, 1980) .
As far as the susceptibility of the substrate to the degradative system is concerned, this is not easy to measure. Because protein degradation is increased in growing muscles during normal growth (Millward et al., 1975) or induced hypertrophy (Laurent and Millward, 1980) , it has been postulated that the increase in the number and size of myofibrills alters the susceptibility of the contractile protein, increasing the rate of degradation by some as yet not understood mechanism. This increased degradation has been called « wastage » (Laurent and Millward 1980 ; Millward, 1980a) .
It has also been argued that he higher degradation rate in a tonic muscle, such as the anterior latissimus dorsi muscle of the fowl, may reflectthe factthat in this muscle the myofibrillar structure is « looser» (Page, 1969) making it more susceptible to degradation than the posterior latissimus dorsi muscle (Laurent, Sparrow and Millward, 1978) . Thus the characteristic structure and function of the myofibrillar matrix would in some, as yet poorly defined, way determine its susceptibility to degradation. The problem in understanding the differences in the rates of degradation between muscles becomes one of deciding whether the relative specific activity of the degrading system or the relative susceptibility of the substrate is the determining factor. This problem is an important one because it relates to the question of the kinetic order of the process of protein degradation at the level of the whole cell.
As far as the turnover of individual proteins is concerned, it has long been argued (Schimke, 1970) (Millward, 1978 ; Waterlow, Garlick and Millward, 1978 ; Millward 1980a (kd) Our measurements in the rat and fowl (Waterlow, Garlick and Millward, 1978 ; Millward, 1980a) This latter factor determines a first-order rate so that during mitosis in liver or following the insertion of a new nucleus from a satellite cell in muscle, the functional cell size increases until the capacity for degradation is reached. In this way the concentration of the degrading system will be determined by the characteristics of the cellular structure and function. Thus the « proteolytic environment» or concentration of proteinases, previously described as the overall determinant of the rate of degradation in the cell (Waterlow, Garlick and Millward, 1978) would in this new model be determined by the overall degradation rate and not be a determinant of it. Of course, this emphasis on the cytoplasmic structure and function as a primary determinant of the overall degradation rate of a cell does not preclude regulatory changes in the activity of the degrading system which could then alter functional cell size. Furthermore, the actual structural and functional characteristics which determine the susceptibility of the cytoplasmic protein to degradation, particularly in muscle, have yet to be identified. This is an important task for the future.
Conclusions.
This paper has considered protein turnover both descriptively and from a more theoretical speculative aspect. In fact, the amount of firm experimental data on which each of these two aspects have been made is still very limited. However, data collection, which is still the major activity of those of us involved in the study of protein turnover, is of little value unless it can be'gathered together in a rational way so that the biological phenomenon of protein turnover can be fully understood. It is hoped that the ideas expressed here help in that understanding.
